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ABSTRACT
An examination of the positions and redshifts of the compact, QSO-like objects reported
near the Seyfert 2 galaxy NGC 1068 has revealed many relationships that suggest strongly that
the objects have been ejected from the galaxy. Although some of the same relations have been
found for the compact objects near NGC 3516, the higher number of sources near NGC 1068 has
resulted in a detailed physical model. The results indicate that the objects have been expelled in
at least four similarly structured ejection events from a point near the centre of NGC 1068 within
the last 6×106 yrs and with very modest velocities [l-o-s components ∼ (1 − 2) × 104 km s−1].
From the age and rotation angle of successive events, the rotation period of the central object is
calculated to be ∼ 107 yrs, in good agreement with the nuclear rotation period obtained from
kinematic studies of NGC 1068. The large redshifts of the objects cannot be explained by their
modest ejection velocities and require an additional, large intrinsic component.
Subject headings: galaxies: individual (NGC 1068) — galaxies: Seyfert — quasars: general
1. Introduction
Extensive optical and X-ray searches near the
Seyfert 2 galaxy NGC 1068 have shown that there
are at least 14 compact objects within 50′ of the
galaxy ). Eleven of these QSOs-like objects have
measured redshifts ranging from 0.261 to 2.018,
all significantly higher than the systemic redshift
of the galaxy (z = 0.0038, Kraemer and Crenshaw
(2000)). From this high source density it was ar-
gued that the objects must be physically associ-
ated with NGC 1068 and probably ejected from it
(Burbidge 1999).
Evidence for the ejection of objects from a cen-
tral source has been claimed previously when two
objects are found to lie on opposite sides of, and
to be equally spaced from, the central object (Arp
1997a,b; Burbidge 1995, 1997). The simplest in-
terpretation may then be that the objects have
similar masses and were ejected in the same event.
It is also well known that matter is ejected from
the nucleus of active galaxies and radio galaxies
in jets directed along the rotation axis. In several
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previous cases evidence has been presented that
suggests compact objects have also been ejected
along the rotation axis of the parent galaxy (Arp
1997a, 1998; Burbidge 1995, 1997; Burbidge and
Burbidge 1997; Burbidge 1996; Chu et al. 1998;
Pietsch et al. 1994; Radecke 1997). In NGC 1068
the rotation axis, and inner jet, can be represented
by a north-south line passing through the galaxy
(Antonucci et al. 1994; Gallimore et al. 1996;
Greenhill et al. 1996).
In most of the above cases the redshifts of the
compact objects have been found to decrease with
increasing distance from the parent object.
This paper first examines the source position
and redshift data for the fourteen QSOs near
NGC 1068 in an attempt to determine if an ejec-
tion model can explain them. A possible ejection
model is then proposed and further examination
leads to ejection velocities and event ages.
2. Source position and redshift data
The redshifts and magnitudes of the compact
objects, as well as their angular distances from
NGC 1068, are listed in Table 1 and have been
taken from Burbidge (1999). Source numbers
have been retained.
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Table 1
QSOs and BSOs near NGC 1068.
Object Redshift Ang. Dist. Mag.
from NGC 1068 (′)
1 0.261 49.4 15.7E
2 0.468 32.9 18.8V
3 0.726 48.3 18.5V
4 0.649 15.5 18.5V
5 1.054 37.2 18.0V
6 1.552 13.3 18.5V
7 1.112 9.9 18.1E
8 0.385 8.4 18.4E
9 —– 22.6 19.9E
10 —– 6.0 19.9E
11 2.018 6.2 18.8V
12 —– 12.1 19.3E
13 0.684 30.4 18.2V
14 0.655 43.9 18.2E
3. Examination of the redshift and posi-
tion data for the QSOs near NGC 1068
In Fig. 1 the measured redshift of each ob-
ject is plotted vs its angular separation from NGC
1068. It is apparent from this plot that there
are at least four separate groups of sources whose
component objects lie at roughly the same dis-
tance from the galaxy. The four source groups fall
within the boxes indicated in the figure (labeled
A, B, C, and D) and each contains three sources.
Since redshifts have not been measured for sources
9,10, and 12, their angular separations from NGC
1068 have been indicated only by vertical dashed
lines in Fig. 1. When their redshifts are mea-
sured, these objects must fall somewhere on their
respective dashed lines. As will be seen below, the
sources in each group lie close to a circle centered
on NGC 1068. If the objects are at cosmological
distances, it makes no sense that they should be
located on rings around NGC 1068. On the other
hand, if the objects have been ejected from NGC
1068 in separate events this is exactly what one
might expect. Fig. 1 is therefore interpreted here
as indicating that at least four groups of sources
have been ejected from NGC 1068 in separate ejec-
tion events.
The sources ejected in each event are defined
unambiguously by the boxes in Fig. 1. The triplet
lying furthest from NGC 1068 (box A) is assumed
to have been ejected first with close-in triplets be-
ing ejected in subsequent events. What follows is
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Fig. 1.— Plot of source redshift vs angular distance from
NGC 1068. Boxes A, B, C, and D contain sources that all lie
at approximately the same distance form the galaxy. Num-
bers identify sources and those with no measured redshift are
plotted as a vertical dashed line. Heavy solid lines join paired
sources whose mean redshift falls off smoothly with increasing
distance from NGC 1068.
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an interpretation of the data within the framework
of the ejection model defined by Fig. 1.
4. Additional characteristics of the ejec-
tion model as defined by the redshift
and position data
Since the three sources making up each of the
triplets defined by the boxes in Fig. 1 all lie at
approximately the same distance from NGC 1068,
their component sources must fall close to a cir-
cle centered near the galaxy. In Fig. 2 the po-
sition of each source (Burbidge 1999) is plot-
ted relative to the position R.A.2000 = 02
h42.m0;
DEC2000 = 00
◦00.′00. This choice of reference po-
sition is arbitrary and was only chosen to simplify
calculations. The location of NGC 1068 is shown
by an open square, and the rotation axis is indi-
cated by the vertical dashed line. Four concen-
tric circles, labeled A, B, C, and D as in Fig. 1,
have been superimposed on the figure. Although
the sources in each triplet fall close to the circles,
the fit is poor, especially in the larger triplets.
However, if the objects in each triplet all lay at
the same radial distance from NGC 1068, they
would only fall on concentric circles if they were
all ejected in the plane of the sky, perpendicular to
the line-of-sight (l-o-s). It is highly unlikely that
this would be the case. It is more likely that the
ejection planes would be oriented either at differ-
ent angles to the l-o-s, or at least at some angle
other than 90◦. If so, they would fall on concentric
ellipses.
In Fig. 3, four concentric ellipses centered near
NGC 1068 have been superimposed on the data
in Fig. 2. The fit is now excellent, even in the
large triplets. The sources making up each triplet,
defined by the boxes in Fig. 1, are A(1,3,14),
B(2,5,13), C(4,6,12), and D(8,11,10) where source
numbers have been taken from Table 1. Sources 7
and 9 have not been fitted to a concentric ellipse
but the possibility that one, or both, may be part
of a fifth triplet cannot be ruled out.
Also evident in Fig. 3 is the fact that in each
triplet, one object (hereafter referred to as the sin-
glet) lies on the East of the rotation axis while the
midpoint of the remaining two (hereafter referred
to as the pair) is located a similar distance to the
West. Pairs are shown joined by a solid line and
the relevant singlet is connected to each pair by
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Fig. 2.— Location of QSO-like objects near NGC 1068.
North is at the top, East at the left. Source numbers are from
Table 1. Four concentric circles labeled A to D and centered
near NGC 1068 have been drawn through the objects identified
by the boxes in Fig. 1. The location of NGC 1068 is indicated
by the open square. The rotation axis of the central torus is
represented by the vertical dashed line through the galaxy.
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Fig. 3.— Same as Fig.2 except here ellipses have been fit-
ted to the four triplets identified in Fig. 1. Singlet and pair
midpoints are joined by heavy solid lines that show a contin-
uous angular rotation on the sky from triplets A to D. The
midpoints of these lines fall close to the rotation axis.
3
dashed lines. Heavy solid lines also identify pairs
in Fig. 1. It is worth noting that the mean redshift
of the pairs falls off approximately linearly with
increasing distance from the Seyfert galaxy. This
fall-off with increasing distance, indicated by the
dotted line in Fig. 1, is similar to what has been
found for compact objects near other active galax-
ies. In Fig. 3 the source positions on the sky are
too close to allow an unambiguous choice for the
singlet in triplet D (it could be source 10 or 11).
It is obvious from Fig. 1, however, that the mean
redshift of sources 11 and 8 falls on the dotted
line and these two sources are therefore assumed
to define the pair. Whether a redshift fall-off with
distance is also true for the singlets cannot yet be
determined since redshifts have not been measured
for source 10 and 12.
The heavy solid line connecting from each sin-
glet to each pair midpoint in Fig. 3 gives the
triplet’s position angle β, (where β is measured
counterclockwise on the sky, or East, from North).
The midpoints of these heavy lines, (indicated by
the dotted curve in Fig. 2), are assumed to repre-
sent the center of mass points of the triplets (sim-
ply because the singlets and pair midpoints are
equally spaced on either side of the rotation axis).
They fall along a curve that is closely aligned
with the rotation axis, the minor axis of the cen-
tral torus (Antonucci et al. 1994; Gallimore et al.
1996; Greenhill et al. 1996) and the inner ra-
dio jet (Gallimore et al. 1996) and counter-jet.
Although the center of mass points do not coin-
cide exactly with the rotation axis, their departure
from it varies smoothly from triplet A to D and
this departure can be explained if NGC 1068 it-
self has some proper motion perpendicular to the
l-o-s over the time period covered by the ejection
events. (This is discussed in detail in a later pa-
per).
The N-S offset between the galaxy and each
triplet’s center of mass, whether in the jet or
counter-jet direction, is assumed to indicate that
component of the triplet’s motion, resulting from
its respective ejection event, that is directed along
the rotation axis and perpendicular to the l-o-
s. In Fig. 4 the sources in each triplet have
been re-plotted after removing the N-S offsets of
their respective centers of mass. The plot shows
the relative triplet orientation more clearly. Each
triplet is identified by an A, B, C, or D adjacent
to its associated pair. The triplet position angle
β and related rotation angle θ (defined below) ro-
tate smoothly about the rotation axis in a counter-
clockwise direction from A to D (again this contin-
uous rotation for triplets A to D is achieved only
if source 10 is chosen for the singlet in triplet D).
This rotation direction is the same as the galaxy
rotation direction and may suggest that the triplet
position angle is fixed relative to the co-ordinates
of the central object. The change in triplet posi-
tion angle is thus a measure of the rotation of the
central object. This possibility is used below to
estimate the rotation period of the central object.
In all four triplets in Fig. 4, the pair orien-
tation angle ω (defined by the position angle on
the sky of the line connecting between the two
sources in each pair) rotates continuously with the
triplet position angle β and, in so doing, maintains
a similar orientation relative to the singlet/pair
midpoint/rotation axis plane. In effect, all four
triplets are similarly structured, differing only in
their rotation angles and sizes. To obtain this re-
sult by chance seems extremely unlikely if it is
remembered that the sources in each triplet were
identified in Fig. 1 simply because they lay at sim-
ilar distances from NGC 1068, and that the inter-
nal consistency achieved here requires fitting both
source positions and redshifts in all four triplets.
For the source position and redshift data to lead
to the same singlet-pair structure in each triplet
that rotates smoothly about the rotation axis in the
same direction that the galaxy rotates, and which
is at the same time correlated with triplet size, has
to be quite remarkable . The fact that each triplet’s
center of mass falls along the rotation axis of the
central object is equally remarkable.
The simple assumption in Fig. 1, that the
groups of sources lying approximately equidistant
from NGC 1068 have been ejected from the galaxy
in separate events, has thus lead to a detailed ejec-
tion model with the following characteristics:
a) each event ejects three compact objects (a
triplet) along the rotation axis (in either the jet or
counter-jet direction) from a point near the cen-
ter of NGC 1068. At least four separate ejection
events have occurred.
b) immediately after ejection each triplet splits
into a singlet and a pair that separate in opposite
directions approximately perpendicular to the ro-
tation axis but at different angles to the l-o-s (it
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Fig. 4.— Sources plotted after removing N-S offsets equal to the displacements of their associated triplet mass centers. The letters
A, B, C,and D identify the triplets. The ”r” or ”b” next to the paired sources indicates whether it is redshifted or blueshifted relative
to the mean pair redshift. The direction of rotation of the triplet axes (heavy solid lines) is indicated at the top.
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Fig. 5.— Angular distance of the singlets plotted vs the
mean angular distance of the pairs for the four triplets.
is assumed that they separate because the central
object is no longer present to contain them in or-
bit). The position angle given by the line joining
the singlet and pair mid-point defines both (i), the
position angle of the triplet and (ii), the direction
of singlet-pair separation.
c) in each triplet, the pair and singlet are as-
sumed to have similar masses because they lie at
equal distances from the rotation axis. (It seems
unlikely that random masses and ejection ener-
gies would combine fortuitously in each case to
produce equal spacings, and more likely that the
singlet and pair masses are similar in each triplet).
d) the midpoint between the singlet and pair
represents the center of mass of the triplet. In each
triplet, the angular offset of its center of mass from
NGC 1068, (which always falls along the rotation
axis), represents the triplet’s motion perpendicu-
lar to the l-o-s since its ejection,
e) in addition to their mean redshift compo-
nents (zmean), the measured redshifts of the paired
sources (zobs) must have equal red- and blue-
shifted components ±(zr−b), where (1+zobs) =
5
(1±zr−b)(1 + zmean). These are assumed here to
be Doppler related and possibly due to residual or-
bital velocities, implying that each pair itself was
initially an orbiting binary. [Note that the ob-
served redshift is also expected to contain a com-
ponent due to the systemic velocity of NGC 1068
but because this is small (zsys = 0.0038), it has
been omitted.]
5. Discussion
In Table 2 the sources making up each triplet
are listed in column 1, the mean redshift of
each pair (zmean) in column 2, and the red and
blueshifts (zr−b) of the paired sources relative to
zmean in col 3. The angular distances of the sin-
glets from NGC 1068 are listed in column 4, and
the mean angular distances of the sources making
up each pair and triplet are listed in columns 5
and 6 respectively.
a) The central object.
A comparison of the singlet angular distances
from NGC 1068 to the mean angular distances
of their respective pairs (column 4/column 5) re-
veals that this ratio remains remarkably constant
at 0.86±0.04 as the triplet size increases. This is
shown more clearly in Fig. 5 where the angular
distance of each singlet is plotted vs the mean an-
gular distance of its respective pair. This indicates
that the singlets and pairs defined in Fig. 1 are
tied tightly to a point on the sky aligned closely
with NGC 1068, and again suggests strongly that
each triplet needs to be considered as a unit. This
also shows that the point of origin of the triplets is
closely aligned with NGC 1068. When this is taken
together with the additional evidence a), that the
triplets are ejected along the rotation axis of NGC
1068 and b) that the mean pair redshifts decrease
with increasing distance, as found in other similar
clusterings of compact sources near active galaxies
(Arp 1997a,b, 1998; Burbidge 1995, 1997; Bur-
bidge and Burbidge 1997; Burbidge 1996; Chu et
al. 1998; Pietsch et al. 1994; Radecke 1997), it
suggests that NGC 1068 is a likely candidate for
the central source.
b) Rotation of the triplet ejection plane.
The position angles, β, of the triplets on the sky
show a continuous rotation from −101◦, through
−84◦, −67◦ to −17◦ for triplets A-B-C-D respec-
tively. Note that these values were measured di-
rectly from Fig. 3. In order to calculate the corre-
sponding rotation angles θ (defined as the angular
rotation from the l-o-s counterclockwise about the
rotation axis, when viewed along the rotation axis
towards the galaxy) the rotation axis tip angle γ
must be known (where γ is defined as the amount
the rotation axis is tipped toward the observer at
the top in Fig. 3). The above values for β give the
correct values for θ only when the rotation axis is
aligned with the l-o-s (γ = 90◦). This is unlikely
to be the case, however. For a more realistic tip
angle of γ = 18◦, the corresponding values are θ =
-122◦, -71◦, -38◦, and -4.4◦ for the A, B, C, and D
triplets respectively. These values have been cal-
culated using the relation tanθ2 = (1/α)(tanθ1),
where α, θ1 and θ2 are defined as in Fig. 6. Here
θ2 is the true rotation angle and θ1 is the appar-
ent angle measured when the rotation axis lies at
some angle γ to the plane of the sky. The pa-
rameters in Fig. 6 are related to θ, β and γ as
follows: α = sinγ (for a circle with a radius 1);
θ = (θ2 + 270
◦);β = (θ1 + 270
◦).
As noted earlier, if it is assumed that the larger
triplets were ejected first, rotation is in the same
sense as found for the galaxy and central torus,
with gas and water vapour maser emission red-
shifted in the West and blueshifted in the East
(Greenhill et al. 1996).
c) Pair-singlet separation velocities, event ages
and galaxy rotation rate.
If inside each triplet the non-Doppler compo-
nents of the singlet and mean pair redshifts are
identical [which might be expected for similar
masses if the intrinsic component is gravitation-
ally produced, or if mass and intrinsic redshift are
age related (Narlikar and Das 1980; Bell 2001),
the differences between the singlet and mean-pair
redshifts will give the l-o-s component of the pair-
singlet separation velocity. Since the redshifts for
all sources in triplets A and B have been mea-
sured, it is possible to test this. Since the rotation
angle of triplet A is > −90◦(−122◦ for γ = 18◦),
the pair in triplet A must be blueshifted relative
to singlet A. For triplet B, with a position angle
< −90◦(−71◦ for γ = 18◦), the opposite must be
true. From cols 2 and 3 of Table 3 this can be
seen to hold true, indicating that the assumption
of equal intrinsic redshift components may be a
valid one, allowing the l-o-s singlet-pair separation
velocities to be estimated directly from the differ-
6
Table 2
Triplet sources, pair redshifts, and source distances from NGC 1068.
Triplet(sources) (zmean) (zr−b) Singl. Dist.
a Pair Dist. Tripl Dist.
A(1-3,14) 0.494 ±.156 43.9 48.9 46.4
B(2-5,13) 0.761 ±.166 30.4 35.1 32.7
C(4-6,12) 1.101 ±.215 12.1 14.4 13.3
D(8-11,10) 1.202 ±.371 6.0 7.3 6.65
aAll distances represent angular distance on the sky from NGC 1068 in min. of arc.
Table 3
Ejection redshifts and velocities.
Triplet zobs(sgl) (zmean) (z
a
separat.) vel
b
separat. Angl.
c zdejection vel
e
ejection v
f
perpend Ang. Disp.
g
(km.s−1) (deg) (km.s−1) (km.s−1) (′)
(×104) (×104) (×104)
A 0.655 0.494 ∓0.054 ∓1.58 -122 0.101 3.03 2.57 39.0
B 0.684 0.761 ±0.0233 ±0.69 -71 0.071 2.13 2.01 22.3
aPair and singlet separation redshifts calculated as descibed in the text
bComponent of pair and singlet separation velocities parallel to the l-o-s
cRotation angle θ for γ = 18◦ measured counter-clockwise from l-o-s
dRadial ejection redshift (col 4/cosθ)
eRadial ejection velocity (from triplet center of mass)
fVelocity component perpendicular to the l-o-s [(col 8)×sinθ]
gMean angular displacement of singlet and pair midpoint from triplet center of mass
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Fig. 6.— Diagram used to convert projected angles (θ1) to
actual rotation angles (θ2) as described in the test.
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Fig. 7.— Mean pair redshifts plotted vs mean angular dis-
tance from NGC 1068 of sources making up each triplet. The
horizontal dashed lines indicate the position of perfectly quan-
tized redshifts with a quantization interval ∆z = 0.05. The
mean distance predicted for a possible missing triplet is labeled
E.
ence between the singlet and mean-pair redshifts.
Making this assumption it is now possible to de-
termine the pair-singlet separation velocities and
use them to calulate event ages. In Table 3 the sep-
aration redshift of the pairs and singlets in triplets
A and B are listed in col 4. These are produced by
the l-o-s Doppler motion of the pairs and singlets
as they move out from their respective centers-of-
mass. They have been calculated from the follow-
ing relations:
(1 + zobs)singl = (1 + zsys)(1 + zseparat)singl.(1 + zt)(1 +
zint)singl
and
(1 + zmean) = (1 + zsys)(1 + zseparat)pair(1 + zt)(1 +
zint)pair
Here zt is the redshift of the center of mass of
the triplet relative to the galaxy and (zint)singl is
the intrinsic component of the singlet, assumed to
be equal to the intrinsic component of the pair
(zint)pair. Since (zseparat)pair is assumed to be
equal to (-zseparat)singl, and zsys and zt, are com-
mon to the two equations, the only unknown is
the separation velocity which can then be solved
for. This must be divided by cosγ to take account
of the tip angle of the rotation axis. The resulting
values are listed in col 4. The ejection redshifts
in col 4 are converted to l-o-s velocities in col 5 of
Table 3 using the non-relativistic relation v = cz.
The radial separation velocity of the singlets and
pairs are listed in col 8. Col 9 gives the velocity
perpendicular to the l-o-s and col 10 the mean an-
gular displacement on the sky of the singlets and
pair midpoints from each triplet’s center of mass.
If the compact objects are located near NGC
1068, the values found for the ejection velocity
perpendicular to the l-o-s (col 9), along with the
angular displacement on the sky (col 10) give the
elapsed time since each event occurred and there-
fore give the approximate age of each triplet. At
the distance of NGC 1068 1′ = 4.2 kpc. These
numbers thus result in ages near 6.08 × 106 and
4.46×106 yrs for the A and B triplets respectively
(for a tip angle of γ = 18◦). Thus triplet B is
younger than triplet A in agreement with the as-
sumptions that larger triplets are older, and that
the rotation sequence is from A to B.
Between the A and B events the position an-
gle (given by θ) rotates through ∼ 51◦. Since this
amount of rotation takes 1.62×106 yrs, one com-
plete revolution will take ∼ 1.1× 107 yrs, or a fac-
8
tor of 25 shorter than the time it takes the Sun to
make 1 revolution in our own Galaxy. This value
is in good agreement with the value (6×106 yrs)
calculated for the rotation period of the nucleus of
NGC 1068 using recent kinematic results (Alloin
et al. 2001), when it is kept in mind that it applies
for γ = 18◦ only, and this angle is not accurately
known. Furthermore, there may be some evidence
that this angle changes over 107 yrs (see below).
This result is interpreted as indicating that the
changes in triplet rotation angle are tied closely
to the rotation of the galaxy.
The above numbers give an angular rotation
rate of 3.17×104 yrs/deg. The rotation angles of
triplets C and D thus lead to ages for these triplets
of 3.42×106 yrs and 2.81×106 yrs respectively, for
γ = 18◦.
d) Quantization in zmean.
Examination of the zmean components [where
zmean = (z1+z2)/2] reveals that not only do they
fall off smoothly with increasing distance from
NGC 1068, they do so in a regular, harmonically
related or ”quantized”, manner. The quantization
is in units of ∆z = 0.05, decreasing outwards, as
the triplet size increases, (in redshift steps of z =
1∆z, 2∆z, 3∆z,...) from a maximum redshift of
zmean = 1.25 near the central point, to a mini-
mum of zmean = 0.5 in the most remote triplet.
This can be seen more clearly in Fig. 7, where the
zmean values have been plotted (filled circles) ver-
sus the mean angular displacement of the sources
in each triplet from NGC 1068 (col 6 in Table 2).
The locations of perfectly quantized redshifts are
indicated by the horizontal dashed lines and show
good agreement with the measured values. The
”quantized” redshifts are simply the mean of two
measured values. Also implicit in this figure is
the indication that there is a missing triplet with
zmean redshift near 0.95. Although its redshift has
not been measured, source 9 is located at approx-
imately the correct angular distance (22.′6) from
NGC 1068 to be part of such a triplet.
Since the singlet and pair midpoint in each
triplet are separating from one another at different
angles to the l-o-s (given by β), the mean redshifts
of the 4 pairs would be expected to have super-
imposed Doppler components. It is thus not clear
yet whether the quantization is a real quantization
in an intrinsic redshift component, or simply due
to some fortuitous combination of Doppler and in-
trinsic redshifts. Obtaining redshifts for sources 10
and 12 should help to clarify this. In Fig. 7, as the
redshifts decrease in what appear to be quantized
steps, the distance to the relevant triplets increases
in a similar manner such that the relation be-
tween increasing angular displacement and mean-
pair redshift varies smoothly and approximately
linearily. A similar quasi-linear relation was found
previously for sources near NGC 3516 (Chu et al.
1998). Note that this quantization appears in only
one component (zmean) of the measured redshifts.
Since the systemic redshift of NGC 1068 is known,
the quantized components cannot contain a large
unknown cosmological component. This apparent
quantization is therefore unlikely to be related to
the periodicity reported in other studies (Burbidge
and Napier 2001; Karlsson 1977) where the entire
measured redshifts have been used.
e) Is there a fifth triplet?
The manner in which the singlet redshifts vary
with distance from NGC 1068 cannot be deter-
mined yet because the redshifts of singlets 10 and
12 have not been measured. In Fig. 7 the missing
triplet postulated above has been labeled E and is
predicted to be located at an angular distance of
∼ 22′ from NGC 1068. This information, and po-
sition information from the other four triplets, is
being examined in an attempt to pinpoint on the
sky the most likely locations of the two sources re-
quired to complete triplet E (Bell, 2001, in prepa-
ration).
f) Proper motions of the ejected sources.
The age of triplet A can be used together with
the mean angular displacement of its sources from
NGC 1068 (Table 2, col 6) to calculate the proper
motion. This is found to be < 0.7 milliarcsec per
yr which would be difficult to detect even if obser-
vations were spaced over many years.
g) Progenitor Configuration.
This paper has examined the position and red-
shift data of the compact objects near NGC 1068
as they currently exist and no attempt has been
made to determine their configuration prior to
ejection. Although it may be premature to spec-
ulate on what the progenitor source configuration
might have been, there are some things that are
worth noting. In Fig. 4 the position angle of the
paired sources (ω) can be seen to rotate smoothly
from A to D, ending up approximately perpendic-
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ular to the present position of the rotation axis and
aligned with the major axis of the central torus. If
this change is produced by a simultaneous change
in the tip of the rotation axis with time the present
position angles of the pairs are at least consistent
with the possibility that they all originally orbited
in the major axis plane of the galaxy.
Since the paired sources have equal-and-opposite
spectral shifts (zr−b), it is argued here that prior
to ejection each pair was an orbiting binary. Note
that the zr−b values (as high as z = 0.37 in pair
D) are too large to be explained as components
of the modest ejection velocities and seem more
likely to be residual orbital velocities. Also, in
Fig. 4 the letters ”r” or ”b” next to the paired
sources indicates whether the source is redshifted
or blueshifted relative to the mean pair redshift.
The blueshifted pair members (1,2,4,8) all lie west
of the redshifted members (3,5,6,11), and any
proposed progenitor configuration must be able
to explain this. It is of interest to note that if
the displacements of the pair midpoints from the
galaxy are removed, all the blueshifted objects fall
on the West of the galaxy, and the redshifted ones
on the East. This seems to imply that if the pairs
were initially in orbit, they all orbited in the same
direction.
h) Hidden blueshifts.
It is worth pointing out that the above ejection
model demonstrates how large blueshifted compo-
nents [negative z(r−b) values] can be present but
still be completely camouflaged by even larger in-
trinsic redshifts.
i) Redshifts of sources 10 and 12.
Until the redshifts of sources 10 and 12 can be
measured it will not be possible to determine the
size of the intrinsic component of zmean, since this
redshift component will also contain a component
due to the N-S, l-o-s triplet ejection velocity (if
γ 6= 0). However, that component can be esti-
mated to be at least as high as z = 0.6 (for γ > 0).
These results do allow the redshift of source 12 to
be roughly estimated for a future test of the model.
Since sources 10 and 12 are both moving toward
us in the model, their redshifts must be less than
the zmean values of their respective pairs. If the
intrinsic redshift component of zmean is equal to
that of its associated singlet, as assumed above,
then the redshifts of 10 and 12 should differ from
z = 1.2 and 1.1, respectively, by twice their l-o-s
ejection velocities. This difference will be small if
the radial ejection velocities are similar to those
found for the singlets in triplets A and B. The
redshift of source 12 is estimated here to be z =
0.63±0.1 using the estimated triplet age and the
angular separation of the singlet from the rota-
tion axis. No attempt has been made to estimate
a value for the redshift of source 10 because the an-
gular distances involved are too small to estimate
accurately.
6. Conclusion
If the four triplets defined by the boxes in Fig.
1, whose component sources all lie at a similar
distance from NGC 1068, have been ejected from
the galaxy in separate events, it has been shown
that the present positions of the sources on the
sky can lead to a detailed, reasonable, internally
consistent ejection model. For the source position
and redshift data to lead to the same singlet-pair
structure in each of the four triplets, that rotates
smoothly about the rotation axis in the same di-
rection that the galaxy rotates, and which is, at
the same time, correlated with the triplet size and
age, is remarkable. For the triplet ejection direc-
tion to lie along the rotation axis of the galaxy, the
one direction most closely associated with the ejec-
tion of matter from and active galaxy, is equally
remarkable. This suggests strongly that the ob-
jects have been ejected from NGC 1068. However,
the modest ejection velocities found indicate that
a significant component of the measured redshifts
must be intrinsic. The consequences of this con-
clusion are enormous.
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